The feasibility of CTAD (a mixture of citrate, theophylline, adenosine and dipyridamole) as a new anticoagulant for medical laboratory use was studied prospectively. Whole blood anticoagulated with CTAD exhibited results very similar to those of blood anticoagulated with EDTA on complete blood count and automated white cell differential except for a slight decrease in platelet count and mean platelet volume. Chemistry test data for plasma obtained from CTAD whole blood were close to those obtained for matched sera. Among coagulation tests, prothrombin time, activated partial thromboplastin time and fibrinogen concentrations were close to those obtained with citrate plasma. Based on the results, CTAD was judged to be a good candidate as a new anticoagulant.
Introduction
The modern medical laboratory consists of fully automated analysers, and in it various types of specimen containers are processed with robotic systems [1] . Patients must supply a lot of blood to fill such containers for stable automated laboratory tests.
A recent trend in laboratory testing is to test multiple items with a minimum amount of sample blood, although the reality is often quite different. To reduce sample blood volume for laboratory testing, various kinds of universal anticoagulants have been proposed, but most are not satisfactory for universal use [2] [3] [4] [5] . On the other hand, CTAD, a mixture of sodium citrate, citric acid, theophylline, adenosine and dipyridamole was first developed for use in blood coagulation tests with less effect on coexisting platelets [6, 7] . CTAD blood can be used for coagulation tests. If a haematology test, chemistry and coagulation test were achieved simultaneously from one test tube in an automated laboratory test line, it would be very desirable for patients, since whole blood anticoagulated with heparin has been routinely used for rapid chemistry tests. In this context, the use of CTAD blood was attempted for three kinds of tests: haematology, chemistry and coagulation as a pilot study.
Experimental
Anticoagulants CTAD tubes were purchased from Becton-Dickinson Japan (Tokyo, Japan). Vacuum blood collection tubes containing EDTA-2K or sodium citrate were purchased from Terumo Co. (Tokyo, Japan).
Specimens
Venous blood was obtained from adult healthy donors (aged 25-47 years). Multiple specimens with or without an anticoagulant were prepared with the same blood. The specimens were left to stand for 1 h at room temperature and then centrifuged at 1300 g for 20 min to obtain plasma or serum.
Haematology tests
Whole blood specimens (n ¼ 46 adult healthy donors aged 25-45 years) were obtained under informed consent. After blood withdrawal, all specimens were kept at room temperature, and all experiments were completed within 6 h of collection. Haematology analysers, the SE-9000 (Sysmex Corp., Kobe, Japan) and a CELL-DYN 4000 haematology system (Abbott Diagnostics, Chicago, IL, USA), were used for complete blood count (CBC) to obtain red blood cell count (RBC), white blood cell count (WBC), whole blood haemaglobin (Hb), haematocrit (Hct), mean cell volume (MCV), red cell size distribution (RDW), platelet count (Plt) and automated white cell differential.
Push-wedge slides were prepared manually and stained with May-Giemsa as controls for evaluation of automated white cell differential.
Chemistry tests
Plasma from CTAD blood (n ¼ 6, adult healthy donors aged 30-47 years) were analysed with a fully automated Hitachi 7170 multiple analyser (Hitachi Co., Tokyo, Japan). As controls, serum specimens were prepared. The biochemical and electrolyte items to be measured are shown in table 1.
Coagulation tests
Venous specimens were obtained from 21 adult healthy donors (aged 25-45 years) in two kinds of blood collection tubes containing sodium citrate or CTAD. Separated plasma was tested within 3 h after blood collection. Prothrombin time (PT), activated partial thromboplastin time (APTT), thrombo test (TH-T) and fibrinogen concentration were measured with specific reagents and a CA-6000 coagulation analyser (Sysmex).
Statistical analysis
Statistical analysis was performed using a simple regression analysis with Microsoft Excel 98.
Results

Automated haematology tests
CBC and automated white cell differential were compared between CTAD blood and EDTA-2K blood. In CTAD blood, the proportion of blood to the CTAD solution was 9:1. Therefore, the values of items influenced by dilution were corrected and compared with those values from EDTA blood. Data analyses (means, distribution width and simple regression analysis, r for counts and p are shown in tables 2a and 2b. The means and ranges of all parameters determined from the CTAD samples compared well with those from the EDTA samples, except for absolute basophil counts and monocyte counts. A good correlation was demonstrated for platelet count, although the value was lower for CTAD blood than for EDTA blood. CTAD blood showed no morphological effects on blood cells and no active platelet aggregation on Giemsa-stained blood films.
Automated chemistry tests
The blood needed dilution correction because the CTAD solution was liquid and diluted blood. As shown in table 3, 13 of 15 biochemical and electrolyte items had coefficients of correlation between the serum and CTAD groups >0.95, while the coefficient of correlation for Na and Cl were low, at 0.2 and 0.5, respectively, because CTAD contains large amounts of sodium.
Automated coagulation tests
Three of five coagulation test items, PT, APTT and fibrinogen concentration, exhibited very high correlation coefficients >0.9 between CTAD plasma and citrate plasma, although HEP-T and TH-T how low correlation coefficients of 0.79 and 0.67, respectively (table 4) .
Discussion
In modern laboratory testing systems, various kinds of specimens are required, such as serum and whole blood anticoagulated with EDTA and sodium citrate, which require much blood to obtain laboratory data, although many researchers and patients also wish to decrease the volume of sample blood for laboratory testing. Recently, many reports have described universal anticoagulants for the reduction of blood volume for laboratory tests.
CTAD was first developed for coagulation tests to eliminate coexisting platelet effects in platelet-poor plasma. CTAD is now also used for the platelet factor 4 andthromboglobulin assays. However, no consideration has been made of its uses as a universal anticoagulant. Reinhart et al. [8] first tried to use CTAD blood for haematological testing in a relatively small number of cases, and they reported that no difference in haematological data produced by electronic particle counters was observed between EDTA and CTAD blood. Tsuda et al.
[9] also tried to use CTAD blood for complete blood count and automated white cell differential to prove its efficacy for haematological analysis. In this study, large numbers of samples were investigated with two automated analyser systems based on different methods. The data for items related to RBC were similar to those in Table 3 . Correlation between biochemical and electrolyte items for serum and CTAD plasma. EDTA blood and CTAD blood. In RBC morphology, CTAD blood exhibited a shift in shape toward echinocytes [8] , but a high degree of correlation was observed in our data for items associated with RBC, including RDW between EDTA and CTAD. The data for items related to WBC are similar for EDTA-2K blood and CTAD blood, except for basophil count. It is thought that the relative scarcity of basophils in normal blood samples is primarily responsible for this. Platelet counts were somewhat lower than those in the EDTA-2K, but this item has a good correlation for CTAD samples and EDTA-2K samples. CTAD blood is thus useful for analysis by automated haematology analyser systems.
As described above, such CTAD blood is useful for automated haematology tests. It would be desirable if such blood could also be used for chemistry tests. We therefore tried to use CTAD blood for a chemistry test and compared it with the test data obtained from serum specimens. The results were in good accordance with chemistry tests. One of the demerits of CTAD blood is that it cannot provide accurate data for sodium and chlorine because the sodium ion is contained in the CTAD solution itself.
In coagulation test items, PT, APTT and fibrinogen concentration exhibited very high correlation coefficients between CTAD plasma and citrate plasma. On the other hand, HEP-T and TH-T exhibited relatively low correlation, although these two items are not in common usage. The results indicated that CTAD blood is useful not only for coagulation and haematology tests, but also for chemistry tests.
In conclusion, we found that CTAD is an excellent candidate for a new anticoagulant usable for simultaneous evaluation of haematological, biochemical and coagulation items in the routine laboratory.
